There is an ≈60% detection rate for 1612 MHz masers in association with red, color-selected IRAS sources, though few are detected from the bluer circumstellar shells of Mira variables. On the other hand and complementarily, past, pre-IRAS 22 GHz surveys detected many water masers in association with Mira variables. This paper reports on a 22 GHz survey of blue, color-selected Miras at Haystack, wherein 18 new detections are found from 238 searched objects.
Introduction
The dusty circumstellar shells surrounding late-type stars are copious sources of far infra red radiation. These are readily identified by color-selection from the IRAS Point Source Catalogue [PSC] . Translucent shells are usually associated with Mira variables, whereas optically thick shells are often associated with OH/IR stars (Olnon et al. 1984) . Since good source positions are given in the PSC, it was quickly appreciated that new OH/IR stars could be efficiently identified by detecting 1612 MHz masers at the positions of red, color-selected sources (Engels et al. 1984 ; Lewis et al. 1985) . This process only needs the deployment of appropriate integration time on-source to detect 1612 MHz emission from ≈60% of them (e.g. Eder et al. 1988) , whereas earlier discoveries of OH/IR stars required the 1612 MHz emission to be intense enough to be detected when it was scanned by a telescope beam. Systematic searches of color-selected sources have now resulted in the identification of more than 1400 new OH/IR stars (Lewis 1996) . But only a few Mira variables are associated with 1612 MHz masers. Circumstellar shells (CSs) often host SiO, water, and mainline OH masers (Engels 1979; Benson et al. 1990 ) as well as 1612 MHz masers, though present statistics show appreciable diversity about which masers occur in which sources.
Nevertheless, water masers are frequently associated with shells of every IR color, including both OH/IR stars and Mira variables. Lewis (1989 Lewis ( , 1990 Lewis ( , 1996 correlates the detectability of 22 GHz water maser emission with the presence of other masing species, and with the IR colors of shells. OH / IR stars discovered by colorselecting IRAS sources, which are at larger distances on average than most surveyed Miras, have a 55% detection rate for 22 GHz masers (Lewis & Engels 1988 , Engels & Lewis 1996 . However, these surveys benefit from known positions, known velocities, and the guarantee of only being concerned with oxygen-rich shells. Yet existing data suggest that all oxygen-rich Miras have CSs (Lewis 1990) , and that most should exhibit water masers if repeatedly observed, so the inherent variability of 22 GHz emission is countered. This is suggested by the 75% detection rate from Miras within 400 pc of the Sun (Bowers & Hagen 1984) , where the relatively low sensitivity of the then extant searches is minimized. But the net detection rate from all surveys of stars prior to the advent of IRAS is <26%: it was 17% in the Bowers & Hagen (1984) Mira investigation, 9% in one survey from Haystack (Crocker & Hagen 1983 ) and 3.4% in one from Green Bank (Dickinson & Dinger 1982) .
The IR colors of circumstellar shells range seamlessly from those of the most translucent about well known Mira variables, to those of the most opaque around OH/IR stars. Since 1612 MHz masers are most generally supported by the thicker shells, while 22 GHz masers have a broader color distribution that runs across both the Miras and the OH/IR stars, the characteristics of shells that enable them to support masers is tracked better by 22 GHz than by 1612 MHz observations, particularly at blue IR colors. In 1988, when this survey was conceived, I wondered whether 22 GHz detection results would improve if sample selection was guided by the IRAS parameters of blue CSs with known masers, by analogy with the process that was so effective at finding new OH/IR stars. It was already clear at that time that the IRC sources with the IR colors of photospheres could be readily distinguished and excluded from samples. This paper presents the results of an observing run using the Haystack 120 ft antenna to test the utility of this approach.
Sample
In January 1988 I assembled a database of 22 GHz water observations, which covered most of the 22 GHz surveys then extant. In particular this included the objects listed in Engels (1979) , as well as those in the surveys of Bowers & Hagen (1984) , Crocker & Hagen (1983) , and Dickinson & Dinger (1982) . These surveys were all made with ≈130 ft-class telescopes. The characteristics of detected and nondetected objects were then assessed with respect to their IR parameters, the key data being the colors, IR spectral type, and the magnitude of the 25 µm flux, These colors make it easy to distinguish IR luminous photospheres from objects with dusty circumstellar shells. Thus Hacking et al. (1985) find a clear separation between them and both carbon and oxygen-rich Miras, while Lewis (1990) finds that almost no objects with photospheric IR colors exhibit circumstellar masers.
The IR color range for the present sample is set on this basis to -0.9 < (25-12) µm < -0.6, with the blue bound determined by the onset of CSs and the red by the high frequency of 1612 MHz detections. The sample was also limited to objects with S(25) > 7 Jy, as a consequence of a correlation between the frequency of detected 22 GHz emission and S(25). But a substantial fraction of nondetections in the database satisfy these criteria, and many are known to be O-rich Miras. This suggests that the inherent variability of water masers may be a major factor in their detection. The present sample of 238 objects is accordingly dominated by the 221 satisfying the above criteria that had not previously been detected when observed.
These are augmented by 17 (from a list of 27) having S(25) > 50 Jy that were known to have SiO and/or mainline OH masers, which had never been searched at about the first to extend the velocity range of coverage. Both the pointing and intensity scale were calibrated against W3(OH): spectra were corrected for atmospheric and elevation-dependent attenuation using the default Observatory procedures that utilise the current temperature and dew point. A 10 Jy K -1 conversion factor was applied to the data. The weather was always overcast, usually moist, so the system temperature was generally larger than 100 K.
Results
This is a detection survey, with a usual 3σ > 1 Jy, so few objects with peak intensities <1 Jy were detected. Table 1 lists the 18 new detections whose spectra are presented in Fig. 1 . Table 1 also includes R Hya, which was first detected by since it has a rather messy spectrum. But this still led Lewis et al. (1995) Hall et al. (1990) and Haikala (1990) agree with each other in providing a v * ≈ 18 km s -1 , whereas the water and CO detections (Nyman et al.1992 ) both suggest a v * ≈ -100 km s -1 . The remaining objects have no confirmation as yet, though they are all > 5σ detections. This program began with a list of 27 objects having (i) known velocities, (ii) S(25) > 50 Jy, that (iii) had not previously been searched for water. Only BE Phe was detected from the 17 observed here, which gives them a detection rate of just 6%.
However, later observations have detected 4 more of this subset, to give it a current detection rate of 29%, which is little different from the comparable rate from the whole sample. Interestingly though, of the 10 objects in the subset that were not examined here, 8 have since been detected. The subset members that were observed here are shown with an asterisk in Table 2 .
Discussion
With the exception of BE Phe, the detections here had all been observed unsucessfully before, so they are largely a consequence of the variability of water masers as these briefly rise above the detection threshold. In this context it is worth noting that fifteen of the nondetections were searched independently at Haystack by Benson et al. (1996) with similar sensitivity to that deployed here, on average Indeed just 16 of the 42 subsequent detections among our nondetections had peak fluxes >1 Jy, which would enable them to be detected at Haystack, while 11 had peak fluxes <0.3 Jy. Furthermore, just 3 of these subsequent detections were at velocities outside the range covered here and all 3 had peak intensities <1 Jy. So while variability is clearly an important factor in the water maser detection statistics, considerably better results are achieved by deploying an order of magnitude better sensitivity. Even so, the frequency of detections near Effelsberg's threshold suggests that still better results would obtain from a further increment in sensitivity.
Stellar velocities were known for 51 (21%) of the sample, though only 5 (10%) of these were detected here. However 20 of them have since been detected, which results in a 49% detection rate for them overall. This rate is influenced by the fact that when a circumstellar maser has already been found, more effort is devoted to the search for a water maser. But it is also noteworthy that 11 of these detections came from the first Effelsberg search, and 9 from the second, while the remaining nondetections have been examined 3-4 times without success. This suggests that it is both advantageous to have a reliable velocity, and that more detections are likely if these objects are observed again with increased sensitivity.
These data have been incorporated in past summaries of the masing status of IRAS sources (e.g. Lewis 1996) , where the detection frequency as a function of (25-12) µm and/or LRS type is investigated. They have also been actively used in seeking OH masers from objects with known water masers (Lewis et al. 1995 
